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SUMMARY: The 1999 DOE NEER-funded project on "Monitoring and Control Research Using a University
Reactor and SBWR Test-Loop" has completed all of its Phase 2 gods and is ready to proceed to the next phase.
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The following publications were accepted or submitted during Phase 2:

9. *Cecefias-Facon, M., and R.M. Edwards. Application of a Reduced Order Modd to BWR Corewide
Stability Andlysis. To appear in Annals of Nuclear Energy.

10. Shaffer, R., and R.M. Edwards. Design and Vaidation of Robust Control for Nuclear Reactors. |IEEE
Transactions on Control Systems Technology. submitted October 2000.

PHASE 2 DISCUSSION:

Two goals were defined for Phase 2, and their accomplishments are briefly discussed.

Thefirst goal of Phase 2 (Task 5 in the 3-year project) was to evaluate an orline uncertainty monitoring
system for arobust reactor controller in the research reactor environment, Figure 1. The robust control
Performance Weighting Function isused in an on-linefilter to provide information to help determine the
performance of the controller. A red-time nonlinear smulation modd of the plant operates in pardld with the
plant. The error signals between Power Demand Signal and plant output and between Power Demand Signal
and smulated plant output are inputs to the Per for mance Weighting Function filters. Fuzzy logic is further
used to process the outputs of thefiltersto provide ameasure of the controlled system performance. Switching
to predefined robust control for different operating ranges can make accommodation of anomalous events, such
as excurdonsinto different operating regions.
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Figure 1. Robust Control Performance Monitor



TRIGA reactor experiments were conducted during Phase 2 to evaluate on-line performance monitoring
techniques. New robust control designs were devel oped to better match experimenta conditions availablein

the TRIGA reector. A two-dimensond nine-region operating space is obtained by combining three operating
ranges on reactor power (nr) and Reactivity Veocity Gain (Rvg). Ontline performance monitoring

experiments are conducted within the Mathwork’s MATLAB/SIMULINK Redl-time workshop environment.
Figure 2 presents the top-levedl MATLAB/SIMULINK block diagram. The upper part is employed to control the
reactor (red plant). The controller block consists of two robust controllers. The switch block is used to
determine which controller isto be used. The lower part provides red-time amulation of the trangent in

parald to the reactor experiment, where a nonlinear reactor modd is used.
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Figure 2: On-line Performance Monitoring Experiment Setup

Some experimenta results are presented in Figures 3 and Figure 4. Figure 3 shows the experimentd results
using the controller designed for the operaing range OR21, where the relative power (nr) range is from 0.7 to
10 and reactivity velocity gain (Rvg) range is from 0.75 to 1.25. The top two figures present the power
response and corresponding output from performance monitor (PM) with Rvg=1.0. The bottom figures give the
experimental results obtained with Rvg =0.5, which is out of the desgn range of the controller for OR21. Figure
4 presents the experimentad results using the controller designed for the operaing range OR31, which is defined
as follows: nr=[0.7 1.0]; Rvg =[1.25 1.75]. According to these experimenta results, the PM output shows a
larger magnitude and a larger “pulsg” width when a controller is working out of its desgn operaing range.
These robust-control performance-monitoring characteristics can be incorporated in an on-line decison making
process to choose appropriate robust control selection and enforcement.
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Figure 3: Experimental Resultswith the Controller for OR21
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Figure 4: Experimental Resultswith the Controller for OR31



The second goal of Phase 2 (Task 6 in the 3-year project) was to develop red-time information displays to
present the space-time dependent behavior of the out- of-phase reactor BWR stability characteristics.

A fast 3-D reactor power display of moda BWR reactor power distribution was implemented usng MATLAB
graphics capability as exemplified in Figure 5. Figure 5(a) shows the fundamental mode power distribution over
the reactor cross-section. Figure 5(b) shows the first harmonic power distribution and Figure 5(c) showsthe
total power distribution over the reactor.
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Figure5: Example of 3-D red-time information display
for BWR out-of- phase (OOP) oscillation (normaized by the initia power)

Due to the large amount of computation for BWR boiling channd smulation and red-time data processing and
graph generation, one computer is not sufficient to handle these jobs in the hybrid reactor smulation
environment. A new three-computer setup has been identified that can efficiently address these requirements
and isshown in Figure 6.  The host-computer and target-computer work cooperatively under the MATLAB
Redl- Time Workshop environment. The principa user interaction takes place on the host computer where
parameter adjustments are initiated and some dementary information displays are presented. The host-computer
and target-computer are connected with network connection; it istherefore possible to separate these two
computers over areatively long distance. The hybrid BWR-smulation application code is generated in the host
computer with SIMULINK and is downloaded to the XxPC target option of the Red-time Workshop (target
computer). The target-computer performs boiling channd thermd- hydraulic smulation and control of the
Experimental Changesble Reectivity Device (ECRD) in the TRIGA reactor. The target-computer is connected
to the reactor through a DA/AD card. The TRIGA reactor power is measured, and a control sgnd is sent to the
ECRD drive mechaniam to smulate the BWR reactivity feedback. Desred hybrid smulation of BWR-reactor
behavior is controlled by adjusting parameters in the host-compurter.

The graph computer retrieves data, both measured reactor power, which serves as the fundamental mode power
of BWR, and the smulated first harmonic power from the target computer through serid cable connection.
Spatia power distribution is calculated from these data and the reactor physics modd in the graph computer and
3-D display of BWR reactor power of the two modes together with the total power is displayed there.

At the end of Phase 2, the graph computer and the host computer functions were implemented in the same 550
MHz computer, thus the refresh interva on the 3-D graph generation was undesirably long. A new 1.5 GHz
computer will be added so that the graph functions can be executed at a desirable frequency of 10 Hz.
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Figure 6: Setup of the experiment for BWR




CONCLUSION:

The 1999 DOE NEER-funded project on "Monitoring and Control Research Using a University Reactor and
SBWR Test-Loop" has completed dl of its Phase 1 and 2 goals and is ready to proceed to the next phase. Phase
3 is scheduled to run from January 1, 2001 to June 30, 2001. The Phase 3godsare 1) develop and vaidate a
smulation modd of the testloop, which is suitable for smulation of apardld channd for use as feedback to the
first harmonic of the modd kinetics modd. The HLS will then be expanded to include hybrid smulation of

out- of- phase gtability characterigtics and 2) will implement and evaduate in-phase and out- of- phase BWR

stability monitoring techniques that have been developed and demondtrated in grictly smulation environments

in recent years.



